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(54) ETCHING METHOD AND DEVICE 

(57)Abstract: 

PURPOSE: To accurately etch a layer of required 
thickness on a substrate by controlling the thickness, 
composition and duration time or surface residence time 
of a condensed reactant film. 
CONSTITUTION: A reactant supply source 40 
distributes a reactant through an aperture 41. At the 
time of collision with a cooled substrate 48 or a 
microbalance 49, led reactant molecules are condensed, 
and a condensed layer 50 of HF and NH3 is formed. 
After completing the reaction, the temperature of the 
substrate 48 is raised by a heater 55 to accelerate the 
evaporation of an excessive reactant and reaction to a 
layer to be etched. On the other hand, a control device 
58 monitors the temperature of an wafer by a sensor 56, 
controls the temperature and monitors a signal from the 
microbalance 49. The control device 58 detects the 
temperature of the supply source 40 by a sensor 57, 
controls a heater 47 and changes the pressure of a 
reactant in the supply source 40. The thickness of the 

condensed film 50 is controlled by a shutter 59. Consequently, the degree of etching reaction 
can be accurately controlled. 
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[0003] Sax^^>ytft«x^^>ya>i55fl= 
*a-T**d i o©»*L<«i:i^»flSI*, H&Kx^ 

**ttX^^>/fif|i % ttX-y^>yft<D2 0<DJia)|H 

icx*T>y*^*MW**;hTi**fc^ »*l< 

■ lfe*tfI«3IJ:8iiyf>yitt?fti| % MZitm-Ji 

ttx-/^>^xSt?S^fCX^T>^**t^ 0 » Utile 

k + Bi(DHnffl(DT«l=**«»icpaHi4 36< 

<0HSiEfllfi:«$f£l+x^^>y-r4cta>lf*-6 s ftl 

fc*5>o 

[0 0 0 4] ¥»ffxSlirfet\-cSt,S9l«:%»R|«fe 

^cfcy<b*M(c^»aft-#-*ctA«-c*4 0 ib¥n?n' 
[0005] xB<t^r-f*tt. **a*«ffli*ric«iit 

ti^^3S<7)^;iT% 3*<x^^>/f*fc(i|»ss^r 
l**„ *CD#l<t IT, SlCtt-f • (R I 

E) ^x — /\£ 9 O 0°CIZj[inf»LTS i (s) + S 
i02(s)=SiO(g) 4<&KJfc*)B^-r*&J&<fc 

4 0 Lrf^u c*LP,(DftWr*f*. x^^>y-r^^*t*4 
B*SfS«»^*$t?»ilfiKi:a)SJSlcj:orx^^> 
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[0006] ttxttrnt-mz* jsi6+i-affl±ici»A< 
[0007] ~K<b^r>r^<7)x^^>y(cfeixr. se* 

ttfBT?l*. f h7Xh+v^>7> (TEOS) , 

fc^-f** fe*tfta>«(oaBia>-»<b^--f*-e*3a:4 

[0 0 0 8] *i»*«4 2 64 3 7 4*t StttJKft 

£<$ffl LTS/'J ^ & ajRHfl:tt$ PR 

^Ltt^o *»ElCjfil*H F, H20. *S<ktfN2(D£l 
ttj^1*llc$t>-rci:lz^^^b®IC7>3:^^>yii. v 

[0 0 O 9] ^f — ;KDeal) &(Appl. Phys. 36:3370, 
msm&kltS (Novak) (Solid State Technolog 

y. 31:39, 1988*P) UiEaStifcSMl** «<EA*RTte 
T-fcy. HFfc«fctfH20**fcfttt&£fc*ttfflLT 

rt-e**/=f*H F*»jft«ti|c^:stt#x<z>«»*a-r. 

EAI4* /<:7^<&aBT?<D3KKEElc^Ll*. *fc* Stfi 
X<D»A£BWLTl*&o /<^j3«fctf#XESl4*n» 

*«TA/t/A/l*#<. Cfcl4-e#ftl^ 
(4. SJ6^^>/<*Kffl7K>^&»«-rscfc(D-T?# 

[ooio] BMb«B«»*-rftfctf>a)=b9 1 oro^ftfc 

"C— &3&<2£'<"Cl*£ (Proceedings of the Symposi 
um on Dry Process, Inst, of Elec. Eng. of Japan. 

1989^10^300. p.90) D S «SMfc«|-CH*)4x/= 
*>U=i>£. ^^<t7>*-->A***LfcilO»*«Ax 



ttfco -v^ bit @ 1 izTjkLtzumnm&t. Jr-/\ 

Cooi 1] w$rr*fc. ££tt££&ftttIRlcj:«x 

IS. NH3fc<tl/H F©»]*<B;tfxflMMI. NH3, H2 
O. HF<Z>««SU S^^bTV^xOAtft&agU x^ 
zL-va > • -tryufti:a)«flEaB*fc«4SE»ft||«e» 
offiEES*** (tr fe Us ^ V >/ *Baft * ftfc » 

t**fcf4Ht*:T?fc«fii6«ittiaaa)afl[j: y ±cui»t? 

[001 2] a*tt«o)iyf>{r • S/^-tAcdsi+ 
(4. aRtt&^rL^fc»»fc*t;*aiz!&*»icfl£#L 

£JSft*<«*"#"*iSSEI4. ^v>/<l^a>J5J£1fc(7)EE;*j|;: 

***i*Cil4a&«35<. SfiLt^IJJfMt^c 
<tl4&l* 0 J&J£1*l0>BE2u L/c*<oTJ£lE>ljgl4. 

18 LfcSJ£«KDB3&^flt**i* <fc *lci4SJt<DM*&J3«fc 

TI4. &TT+mmiz$!jlWi-&o 
[0 0 13] SBD±l=«taKKMBI^»Adtt«^:# 

14. »ttia<Diaja)&<ft«a)«j«*y*aK-eft4o a« 

S^!^I4. x^^>y^#«ffiiitftjj|i||L<i:t^(D 
V % ««*<0SlStt^»EI4**tlSi:fi»-t?l4ftlS - 
»»SlS«lMf4affii:tttt-rs<D-C?. a^x^f 

*x<DJHffil4SKlc»LrHlSMlcK**a 
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^•gPS® ± lc UfSL $ ti £ Jf f4J5J£^<D#i&;SS fc |*»HJ 

# o x — / \ <d mm± <r> &&mm <d m& ts & zfm& n m t 

©MI=S»^ttttBflW«P<«t«. 
[0 0 1 4] _hfBtf>T^~ n,£>f4. StBx^V^cD 

'a«tt*ttfflLr. **>/<fCfiJfctt*«ALTl*4o 
S2£#fig^-££:, tt*a«0)ttK<Dnf^aAflE>J:ai= 

B9B$aiBU *£$&/{377C£ft:(4HF£7k££- 

[0 0 1 5] CCD*>X^AI4. »tt£JC«a»|«ff^«: 

l^xyT>^Jk/&|e&LTl^*<. x^f>WSII 

A^^^/^=»A$*t*ajS4:H Cleft *0!)lc+#3SJE 

«<0H»i»iyiA<fct^*LMc3a: y . bjw<— s-efc < ft 
y. Mj«A^iaaiz3S:4 0 

[0016] 9mv<D^(Dgt»i^p,a>tH(ommt. m 

m<D)&mt* **X«»0>»lEfc < fcoTBBa?iK4Ct*« 

Bo>*xrt»a>»m**#<DBjRjifc»ti^**j=tt 
^ 0 s/^^a • *>^f4. B<Djsa£*xas£ncx 

[0 0 17] Lf:Aht, ±E(Df-f-;i/66J:i;y/^ 
^ * C:l5i& * fifcSSBi:: cfc «BIK£a) B AoflMiBtt 
T*fc£ 0 SttftBB»*ttffl-r«<DT?. **>/<rt0Mc£ 

-c^ftLx 0 mmiz#fm<Dm&t&izmim-t&o m<o±iz 

t-^o <tl^3C0f4. J£|£ (S i 02+4HF = S i F4+ 
2H 2 0) A<Jit?l=-3*Lr. HF36tJH«*tl. H±Jftft 
tLtH20^$il^bt$-5 e COfrtf). x«/ 
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[0 0 18] #*<Dj*#fc*BB©rt»©£*l* % ?T 

•J > h> - ^— x;uX(FarringtonDaniels)feJ:0:p/< 
— h • 7)Wi— (Robert Alberty)^, Physical Che 
mistry (W3JBu 1966^. Wiley. (Dp. 14 

<feyfiutt«±T»att-r* 0 £dr-s£;h,5i&m(D*aj£ 

»B*<»4LfcBBlc. WB»ej:orBB 
[001 9] ^MKDBBicff3cti&a)Btta)K4:(DB 

BfeJ:tfjft«[J:a>BiaBa>«M«3J:tf«»S%. J^H 
SS<t, »Si:^-v>/<a>a«BI=«»-r*. HF/H 

(4ftLx 0 

[OO2 0] *S*$ItH5 0 3 O 3 1 9-^14. SfS^^ 
0*T?«ffl*tJ:y||L<afl:o-Cl^6. fct*tf. 

■e. ±a©-r-<T:a>*a»BB36«f*Bri. *fc. sjc 
XS. 7K>t 0 >^jSftif/£it-c*ft<, ttScDftte 

[002 1] dKHKKB 5 0 3 0 3 1 9*1-14. NH3J3 
^Lt^^ 0 C0>. HFj7^-7t«^tT7 
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*l»ffi±l::Bi: LTS3;b(*TI*fc:l^:: <!: ^^I® LTl^ 
&o *Ht#lt|g5 O 3 0 3 1 9^(DM2lt. X^i/^f 
SSfc<fctf 1 0»a>x^^>^D*M + <DKJ|[4 NH3<t 
NF3<Dtt¥<0BI*fcLT3KLTl,*So W 1 0ftl*L4 
O A/#<0X^>^jl®[* v 1 O 0^CINL4 O O A(D 

3 00ttL*Ll 20bAitt-5 0 ctil* % 3KH4«ttff5 
0 303 1 9#0)H2T***t*IHff<ky *f*«AM=» 

>fW»7-T*o *H*#I+ig5 O 3 0 3 1 9^<DMl 5 

oAr^Mo c*ti* % *sj$iS(7>^ i ic^t7>?- * 
v h*BftCO)i=!&H3S:J|[**l4*36Mcfi>LT^*o x-y 

*ti*&*« t^mix ^ ^ >y-r *« y fcjsRBBflOEit-y' 

[0022] Sim o»p B io)tt«iz < fcoTaiM*^rt-r 
BII*Sl61»lc*tLraattS»ofc**IC3S: 

£ 0 tt«*(wT>^^.T<Dftyiz**$ttffl-r*t % h 

l=«feorJ5lS36<»p«**i«ci:(*3S:t^o 
[0 0 2 3] * &|C % *HII^5 03 0 3 1 9#f*. 

ft*!** =i > t - gib^-f ^ V^Oiffitt 

f=*»«*a«-To tt«+(3H2S04j3J;i;H F36<^J« 

♦i**^ »ttKA<5»l^t*f*5B»**t«:i\ 0 B*«Sl*i 
#H\ S/'Ja>lii»;f>yj^ D BOTH^i. v'J 
a>l*x^^>^3F4i&L\ 0 Cfti^c&JSJfcfc^oT. x 

^ >y ©«i»*<aat \z & or * c 
[0024] s&u:. -^x— /\*B<*:y tataoawBs 
j£*ttisa*fiSffl-r*as«i* % uv— Ana>£%$ft5 

- £ t^T* ^ 3 c £ |z g^; J tif:L N 0 S^^^t^^lc^A 
»af*flR»HA^j«*tl«CU\<DT?. g#JI*J£ 



SRSB^x^^^ytgiijBcru^-Alcff*** 
3l=BtfS*i. ^o^(7)^-3 fciW^ vX^Af*& 

I*. 

[O 0 2 5] 

SJt*(D»ttBA<^j«Sn«B#H35<^Fflt3b^-ca5y. S« 
±(ciJMIIB3&*f>* £B$Ma>ft * V/ \*<D 
S-t£. ^x — /\ ■ -^^Ix hCOOx— /\«fcy t,(£;g<DS& 

»-trc3«iK}&<»ja*H*prffitt35<&y. ^vaic® 

fey. «EaSEO)ttffl36<»jBlcft:S(Sif||«]6«»ais^ 

x— /\*<attJEittt(D«ieas<Dajs*fci4**i-st?-r}&x 
[0026] Lfc^t, €e*a^cDSMfc^t;^?sco 

[0 0 2 7] *fSMa>aM(*. S:fK±<Z>ffiMCDJ?£<DJf 

(i) mz. (2) m« % fcj^o: (3) ttttttnsfei* 
a s ;^b#f b i * Mai-r * t; as ^ wait * a 

[0 0 2 8] 

lS«S(=«fcoTx-/^>y-r5ci:A<-t?#4 H Sffi-h(D« 

«*5*tf»*»M*«»r«*«t*fli7iTi3y. HtriB 
wrE»»<o*ffi±icBS»a^-*j:3i=fflria«iii*s* 

*<E«**fC*5y. MISBlc^yS5iaSlK^^mriB«^ 
*jE«l=«»*4xfc«/£ltl»***i**3f=. MIBBO 

[0 0 2 9] *«BWiZ)*aii s (a) S^^V>/^ 

(b) SKtt*#t?*fx*iKre^^>/<rtlc+»3S: 
E*Tf»ALt, WE»»(D«B±(cSJt«B<7)B*»JSK 
•T^aKi:. (c) BtrlE»*4(7)a®JiCDfiFlBBc7)ifflfiEfc 
* W*aRH *C tic J: y % MfB*«±(Dtt^ 
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[0030] *&na>BBtttt«f*. fijt**x^^> 
*>'<ffia*x*^$r*BJ6-r*cfc*«T?*4 D ste 

[003 1] *^^li*0i6T. lyf>^#*I± 

a>Xtt&j£fe0>Ba>SB/3L /I*. fej:r/«B;g£ftH£ 

ftffll-f L , **U:: (fcoti^f ^/ <f&fc(D 

mm zmmzftmi- ^^tt<x^^^o\zu^t Zo 

[0 0 3 2] JS^I5fflOi>X^A£IEfcJ;tf/S^©H(D 

»«±<0;sttB<D*»»icfsuio o bbta/i;// <* 
■MtA/tfAQCM) . ttPiBXth *fci*a*#iz 

*<©*»*5 t -V>/<lc»A'r*i:«»lK(7>^rtl3 < J:i;*|| 
[0 0 3 3] »*LL^Jfi«-CI4*#6M0!>«^ftB«S 

[0 0 3 4] ^ESlC. *3§(E#^|* % 7^-7fcJ:t; 

«\ *mmm 50 3031 9#a>stt<bs*tfcjsistt 

K«)*£<Dlc+$KcC§j£lc/J\£i\ (iiat-2 0 0A* 
m) :t*<^otl^. *I1$StS5030 3 1 9§ 



[0 0 3 5] *«9l*«li$fc % ttOMK^ttBSB 

#>fco fcixli* TEOSi»ZHtW*fcS i 02 

**fc-*-**a>tta>iMt*<Da«lx^^>iftt % ^ti-? 
•k+saft^x^^vyisjtsaui-j-sj;^^^,-^ 

tit. ±J*ttBa>il*;6«JiU x^^>yajtfia(a(7) 

fcA<or»Mib«a*y t t eoscd^h f<d@^si$ 

f*H«<DBic#« 0 a^vibr^^ExOAte^-MbT^ 
t^ftyiSt^E*Tfxry^>ystf5o - 
3 5**y«l%SfiBa>fc£ % ttX&BJ: y tfflflrfci&l* 

[0 0 3 6] 

ft©* fc t?fc£Jf (7>J5* J: y i,Bl*B«ttU L*)»-r^ 

^©^fli^^^o c*u** ty#3i+*a«*rA/OfA/4: 

*U d<7>a<0JK(S^^< -3 AMD US/— AlcflBU 0E*i 

^Sfi^^^»^--5<D(c!6i5:-D 0 ^fcuv— ai*. ( i ) 
loisiT<DB^6rt*BJ»B, (2) BBftttB* fc£ 
1/ (3) *ttH{*B**&ffl*-r*Klt-efc4 0 

[0037] j5u«<z>sB*<tt:i^a?y. *tBiiffl#-e<$ffl 

*«*^T<D*M&tt«fflBtt. Sft*^«9lcBB-r« 

«fc Ll\, SlJKOW&^&l^^y , 
[0 0 3 8] *^$ffl«-C(*. ^Wot, 

Tfc 7 SfflBicttttu S«Btt$±lf« 

l=*»t«« (B6) . S i 02T?BBLfc»«lcB 
^^tt$S"f^>fc^cDx^zL— va > - -tr^-\b^^e— A 
ftif«>BBE»ftB*ttffl-r*«ax^^>yfflBfi (B 

4fc<t^5) % fcJ:t*«»T^^fc±E©i^2ix^ 

©KB*«^dt>-frrx^^>yjEi6*W»t"*»a(c 
-DLxrai^^o (1) fiKftfloawiicfeors 
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(2) siS3&«aBBiic«»:or«»aFti*c:fc*^-rfcae> 

JS)W4«H::S i 02%*vT>7't&Zt$:^ib 0 
[0 0 3 9] *3BM(Z>«^3&:*J6«(c-3L^rttW|-r*. 
[0 0 4 0] 1. Sf£ia$saic«$&-rSfrtf)(D^Mfc 

11,1 2(iHB*|::BI# % *fcl*J5Jt»£tt«| 

*sjs^^>/<i 3«cao[(c#A-r«. #i o, ii. 

4coag-e<D^$gjE^icfcyst^<. 3coas 
T?<o»ttff**yisi^cfc(cB*a?#ifct^. t^co 

14, ^-V>/<1 3(4t-£ 1 6l: ( fcotifiiBSSJ:y 

#t*»»l=J:oT»ai-r4Ci:35<-CS«o 

tfA20t, S«R1 4*<, #tlcSffi^O>K2 1|=»y 
tiif&*iTl** 0 7kiH$*STA/t;Ay2 0, ffrffimi£t>*: 
-^29 s ^-V>/^IE^^E- £ 3 0, f t^^g^- 
>3K ^ctr/Ox-/\/^S:r^l/Ay^^E^^ 3 2 
A* 6 2 1 alC&^tl&o «»SB2 1 
a!4, »®3§2 2, 2 3, 2 4<7>?t^IE*^^^Liaai 
f£o *?B«tt\ H20££fcKl£tta>«lftaii3 4* H 

ft0ftttS3 6^g s ftlf^l#2 5, 2 6, 2 7£il 
CT5fciI£;K£<, fc£lM4, Jfi'jRSIiHF^fcttNHa 

^^>/<rtO)JE*tt. $WSI2 1at#2 5, 2 6, 

27, io, 11. 12, 2 etommtz^-oxmrnz 

xi^i\ Kj£^*>/*icac6r^Ta>#iM(. 
s* J3«kt/iBS«iDiiftLr. £a (2 24^12 3°o 

JlftlEJ:yKl^Sl6«lE**»*Ct4<-e#-& 0 STI4 

i^^o K3 7<z>aa*EaL8afi-r**j»»«2 1 a 

7fcc*:t/ajg-tr>^3 8(41 O<D#XSegffl<7>i(07-£lt 

£^LTfc&#, -r^r<7)iB@(c, $W3£B2 1 ar-*ij 

»**L*J«H»S/.a.7^ K3 7fcJ:tfaft-fe>-9-3 



*£c<t «»ggS2 1 att^w/^aft-trv 

•y-3 1 l^ct^T^-VV/^OaS^SISL, t — £ 1 6^ 

©ftttsatraasMw**. »)w^a2 1 a i4, ^ 
x— /\/nsa-cA/tM/aft^— $ 3 2i:j:ot0x-/\ 

1 4j3«fclf«»T^tfA/2 0<7>a**E«U t — * 1 

7 fc * tf*»Hft# 3 3 ^o>*i8*a a«*»iwt" 

ft 2 Bifimi^Xl^i^mCXl^MzKCX 2^(0^ 
[004 1] 2. NH3feJ:T/H FO®A 

sjs*a>WA»(3Kffl*>^icai:*#2 sam^n* 

HF£fc«U »i»*2 4|CNH3*ft*'r*. 

#1 1 J3*t/i 2*H»l^offlaicH<« EJ£«H&<* 
1 4, 7KH$ta:-CA,lM/2 o, fccfct/S1SvO> h2 1 

x-/\i 4<Das-c<7>3K«EJ:yat< , uta^-caws 

a<&£6o #2 8A<BBl^-ci^*0)"C. SIBIKtDiKftET? 
HF»J:t;NH33ft«jiU**l4fco*ir»««1 5(DH 
*A<**-r*o S^WIC, *Slta)a®LfcHFfcJ:l>: 

«i=»»*a««Hi=tt. stRaa-ea>iEis«a)9Rft 

IE, **>/*lcS»A*;K4EJ6tta>*. 7K>e>^5$ 

[0042] ji*mi&mtfm*\ztji^xi^&<Dx. m& 
aat?a>»a«c«ffitfprte(cfty, h f^n h3<dj±;^ 

[0043] 3. HF/H20<D^A 
to 1 ocDSfE^- K"CI4, jEJS«a©»AI*lC7K>^ 
0#2 8fflCtL^ 0 K l iK«2 2l=H209ift«%«t 
L, «filg2 3fZH F^JS^L, ^t^T*#1 0fcJ;lXl 

1 «BLvc**://<1 3 4fcJ: 
t/**«*TA/t;A/2 0±'X?S(61*A<attLr. ffttH 

-/\1 4<DaaT?0)Sl£i|jBa)3(SKEI=KT-r**-ett 
<o ^x— /\a*3&<0 o Ccfe yBSLM*»T?H Ffcctt;H2 

ttm 5*<Df ^r<Dsi6i*)&<sj»-r**-e, *fci4# 

2 8*<|g#^-V>/<1 3 0)rtS1»3&<»tBS*L4*T?. S 
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fffIS2 3£j§3tJ@U #28^ga^(C#1 1£ 

fflU &SlMct^-y>/\*|;:gAL/cH FTWKJtLfrt^ 
[0 0 4 4] 4. (gEx^^>^fflO)S@fcJ:t/^ 

[0 0 4 5] KJ6tt(JMMR4 0£. M?vitT>^:-^ 
AT^^LT, t-^4 7-C*Pl»LT. B{*£XMS.£1J- 

tt£Efft?"4o ^-V>/<4 2fc ( fci;^-v>/^4 srtc^iE 

*"C(-»0LA^ <0Bftl\L3E]) ffi^Lfcl^^Ul-t- 
»l:ft<S^r^ic BBaffl4 43b^6^^>/<4 2*» 
Six SHnSM 6**€>?*>/<4 S^Sa-TSZirfCcfc 

oT{Bfffc»*fe*t** Q »AS*ifcs*m»fli, **p 
**tfca«4 8 *fci*«»TA/tfAr4 9icafS6-r«ta 

^4 8 &cfco%gTA>iM,4 9(*t^> h 5 i izjuyw 

<cSfi4 8a>aar±. fc$ftA<wiE*<Dt #i=i&5«:a 

ft*y«l\, #5 2^ «5 36J:t;«5 4tl«Att 

So C*U* % iaA<±<!: LtNH3fcJ:i;H F 

— > 5 5TSffi;M®$Jiffr. iM&]fcJEJStt<D«38<5:. 

#5 2fiJ:tft-$ 5 5«©a«*Jmt4. fiCfi) 
ftP&M5 8 7&<. ait^A/4 9K*fiaL, 
V-9-5 7T?^V>/<(0aa$a«ILt— $r 4 7^*ij&p-r 
SCtlC^oT^-VV/^O P*J(J>JEJS!fe|(7)]£2i £^*S 

[0 0 4 6] ft»*J*-e!4, T-V>/\*4 0fC@tt:Ott^ 
fcSUMot^-V>/;U 2fc£tf^-v:>/*4 5 $*Df»"f 



[0047] fflj 1 

ffAfSo «7sMfc7>*^A^&(D«SU** -fe;U£ 

ffiii-TSo COT-feV^y li s ^— TfC ■ 7K>^7K>e 

(4. ■ #>3?T-#>e>^£;h,S:>y a> ■ f^x 

— /x . K-i/>y-f-v>/m:Btj)tit6i l j > x^ 
^— > ■ -b;ui4 7 5fcl\L9 5 0 C|CjjQf»£;h,. 17 
^^b7>^E^^A^t)0>^^l4, -3 5°C<7)^x— /\± 

xmzoftm%Lffi£tiz> 0 M7 "jit? u*itx.y 
#i\> ^x— /M*i o#Mi::;bitT5£:^L i 5°ci^*d 

4- ft1 60 0WMDMfeLfc$, J£JS^0> 

aMil*tt2 0ootMSii-r**T?«<. c<Dtt % 'ana 
tt«3o»M»tt*ti. i o»BBa>iptt«a>*aa>3» 

>-7£;HS;&^T-fes 0 

[0 0 4 8] $tJ 1 041^19 h;KDJS@BET?. 

Xmz^X^lZ. UHVSl^f-V>/^i-/NS 
a^JfA-r SC<t So Lfctfots ISEIfttbttlft 

So 

[0 0 4 9] »»»^SltttUi/— AlZfcltSx^^V 
IV CO) US?— ATMct. ^-V>/^CD#X<7>$§^<t. ' JE 
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[0 0 5 0] *{*MKI*B9*J<fcl/Hl 0£#RB 

fm. sav^i 3 8 fc*m**iaai«»ai/a7 , > k 

1 3 7Hffi)£Kl 2 1 a tlZ&iTfft?tl& 0 fc&l* 

I4> S&a*M 3 8 $881 3 4fcwyf*i+4c: 

&<> 1 1 3<D8f4fc — * 1 1 6*3*. 

£#§SS1 3 4 0>aSJ51±f=lt»$*t4J:a(C3S:-pr^ 
&o ^fi^J:or, V27^K1 3 9fc<fcU:Ox— /\ 

fSfcH*M 3 1, 1 3 2. 1 3 8. t$&tfftm%&W 1 

2 1 a*<8fflfcSS£ii«-r*o Ox— /\1 1 4<D&m 

4 2«H<©X«fcW**«»BL-Cl*4 0 

*irE— K"C14* 1 1 4. Myyit7>^:—OJx 

§§113 4. i 1 3(4-r^<rsaTf**. ^-v 

>/*1 .1 3£»»U Kffi7K>^<Z)#1 2 8£fflC. 

iSS#i 25t&mft^ 1 o*BB<. «^?yfl:T> i E=. 
OAt^£>£>H Ffc«);i;NH3t^t>/^1 1 3$S^L 

<. lE*)^-^ 1 3 0lc^or«tB$tL-5) 0 fk«flE* 

Ox— /\fcj:o:^v>/<^-r^<ri^i:ajgott®-e 
sfe^SJt^o rg$i0E^j 3Wft3es*i«t, aft*5J:W 

rt<Ox — /\<Z>aftT?(D*»E*J5XT-efc4A^y . S/S 

RW*#RH*;HfcL*) .#11 O^gglNfc^. Ox— /\ 
1 1 4CD^@±<t. -Mfc^-f *-C««S*ifc*a«Ji: 

XAjXSAj (QCM) <D*ffi±|::, K*£«&£$t,\ 

ftfrQCMI 2 0<DR*3Mfi)DL-Cl*<o #1 1 OfcJ; 

t/i 2 5f4sj£*BBi^fc**-c** 0 Jx.foiz&znmm 

4ct3W»^ofc D ca>J»itttol*. x^>ys*t* 



*a«F»» 5 0 3 0 3 1 9*tl*»RHMl=) SlC±JSE«9 

^LTL^ilH»8Bl 2 1 a*<flS-r«i: % #1 1 
OA<BBi:. #128^*, ^*>/<1 1 6 <0»ft/i<|H 
EE*l^-£ 1 3 0$ffifflU, SttttmoBi* 

LfcCi:A<QCM|r«|:-3T^**i*nr*ett36<&* Q Ox 

-/m 1 4$ML, ±**a*»»*i**fc«)ic % n 
i 4 oa>M»«tigi-r«jHM£«sc«o[)aa« i o o 

°Ci£<C:Jblf£ 0 ^E — ^ 1 3 0(Cj=oT«ffiaFtL«|»S6 
1121 a(CiSt>tt^JE73(4. ^«1&CDflft^*±^-r 
E*AWT«t. «»I45S7U «j»KBV2 1 

aiiBib.tii 4onn«aai-r«iiMs«3i«a)adi«at 
a*fci***i*t>^fc±@««*-eT(f*. *oxa^ 

(7>Ox— /\*ftyUJL. ft LUOx— /N^^A-T^Ci: 

*<-c£. S/x-rAi4ttft»»*xa*nyig-rflMi^-e 

[00 5 1] PtifcSCDTEOSfccfcl/ 

citify. x^^i/y*4t*xM<b<r-f*a)«*iM» 

t^Ct^t^^ 0 MfftPKBl 2 1 a I*. M37<vjbT> 

^-OASJt«ia)as**j»-r**>3.^o ki 3705a 

j»e#3iE(ta>assTif ^ctic^^t, *;u$n 21 
icsftyw-it&tifcOx— /\ 1 1 4 0>as*Tif &ztt)< 

V$& 0 3&SIM4, aSS±lf6Cii:t-c**. COii 

^t. JEJC«ga>»tB«(ttaa)a5^. jsis^sisic? p, 

**i*ffi<Oft6«)4affi<DaKJ:yffi<*tl*S*l40!) 
ic. aS$^J^SlvxiFA^z-^l^rl^B^-r^ 0 #1 12JS 

*JSP^M1 2 1 ad^oT^fl 2 7 ^laSLT. S 
81 3 6^&HF^S»A*^ JE^D^E — ^ 1 3 0|Z 

^rt^Ci:IZj:y % H Fit NH3<0Jt^ii-rc<l:^T^ 
[0 0 5 2] SJSS^^bTV^E-OAcotty frffios 
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to U S>— AroSfncfc 5 «fc a l=Xg^iE-r a c t A<T? 

[0 0 5 3] fct^li, -8PCDSiit*>*^A-C-l±. #1 

t i>o.^O K 1 3 7. ^|§1 3 4, >>a7^Kl 3 
9. fc.fci;^-V>/<1 1 6$, Ox— /\1 1 4<CjgJtJ: 
Vm^&tZjm&tZttfU&tJiZt #12 8 

«jtft£3Si 3 4^saLT. E.t>£±ifTmmE.t>izm 

o^roiroff^T-iii^-r^., kis^i*. tt&jsi 3 4* 
t,^-v>/\*i*9fc < fcu:#i 2 8^a^Mi=sStL*o #1 

2 8$gfli:SCi:A<-l?$^i/XTrA. ^ 
QCM$SJllz$-fSl*gUc c fc. 3 T, SSit^XxASiflii 

misXTj*$mm rm&mjji x-mmzmm-t 

[0054]@13li, *mW<Z>mMmX-&&±\Zft& 
[0 0 5 5] SSSW^tA 

Ox— /\£-4 Ofcl,>L 1 OO°C0>jSH-l?^Sl]L 

aiss-rssfij^^^titt-r^^Tj&s. si oi*. * 
•CM-^iPAnsfit;*.. *l-«!ii=«fcy^sa)Myi=${ii^.s 

•5»*»^*LrC^^„ Sg*ijffll|=li2 0<7)7x— X*< 
fc£>, % 1 7i- Xl?l3\ Ox— /\A<1 O 0°CJ: y(6 
<. mt®im<D%.&tfrgz&. Sg2 7x— X-CI*. Ox 

-/\A<1 o o°cjfi<rcAo^$tL. audcfcu^&ssti 

-5. * U— $ 1 5 0*e,c>aiE(*l*. f 1 

Px-X<0«;g|r)%ai^^,§ o 3iEftrl*^6n©^l6]lc3!I*i. 
•i>o #1 5 2&fflCZt. S5t*A<#1 5 1 JloT. I* 
ffliJS'Ogl 5 5(=»Af*. rtffll^^gl 5 51*. Ox 
—*\ 1 1 4<7>S{Si|#ifiO) % Ox— /\ • "?0> h 1 2 1 05 

MiOf 14 0I:K«. f^>A©gi5 7$ 

SiBU ;gg$ia^-+i L/-5> 1 5 0(=MS. 
x— Xt?I*, t— 5»*£35#SSA<aiaLfcl*©-C. fcjfft 
£B1 2 1 a IZ^oT-T >7-T > • fc— £ 1 54|:M 
*+t€.«*7!)<ffl3a$*t* Q *2 7i-Xtl*, Ox-/\ 



1 1 4<Djgfi£l 0 0°Cjfi<|;:_t(t\ C;ft£i&B*M 5 
8t-Sfflt§^g)5<fc4. $Wgg1 2 1 a*<#1 5 1 
*HC. #1 5 2 £|Hi< 35(*l*. ttU*M S3$ 

S>iLT*e>. -f^-O • t— Si 1 5 4£ffi«LJS:t+ 
tUtti: fc.g> 0 f&UfcM 5 6?ftfflLt, t— $1 1 

5 4*f,tnsssi*(D;aK^K«-r-5. 2 1 a 

1*1' >^-r > ■ t— * 1 5 4{zmix\2ti&mti : £m& 

U fc-5tMi^iy#l 5 3^il^jjiEfi^S^-So CO) 
ISSli. &a*M 5 6|c«fcoT;HS*+i-5aSAM 00 
°Cifi < lz U & * -c« If & *t 6 „ 

[0056] mm^-t 

ltffifflT?#5, E4HE=*tt. 8ft3tLTat§ \zA$,m 

imtti-tz^ttfx-zz. ia#a>-sy h;u*T?^m-e 

[OO 5 7] CHt)©^^^!*. «^«-ei 7 f>^ 

fili. *"J*>'7Ztx&-mit'r4mo)mfzttMTtZ. 

zomitmm±v&mT*>z:ti)<v2. ^itmmmm 
iz&-ox&T-fz>zttf-z$% 0 flfirox^^vy . 

L^fifc<fcu:iELt^ft^A<«iiE$tl-5. S i 0 2 "C? 
aiLfcQCMIt S i 02<Dfl|&£ttti]*-«c&fit-C 

[OO 5 8] flttSUr^ffllzA-S^OT^En^ii, 
[0 0 5 9] SiSrAyl/A/Offiffl 

*a«fiTA/t;^ (qcm) ©suatt. Hifi^r-itt^ 
■T4»j»eiBi*)i=iaiv-a*tifc/<— v^u ■ a>ei- 

[OO 6 0] 0.7 I*, HF^.tNH3#Xa>;l^ 
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^I^^^-Tc B7CD£A<t£BCD&l!jS<Dg£#tf)£ 

^>S?S<b«»»*^>^-eff3. qcmSKi 

T = (N q d q /df f c ) {(1 Z) t 
[O O 6 2] JLx£T% N q li;KSr*li1 . 668 X 1 0 
13hz-A, d q l*538<D**. df(if*»H<3!)Sa % f 

ttT'&^o 7Kg±<7»f I4±£ Lt^»^^f:S i O 
2*(0-C. * (1) TM4. SISv'JaXDZfill . 0 7 

t< 1 l=flrl*»^ {} rt<Dxtf4 (fg-fc)/fgi 

is 6 -*\ c*Lii*B^$fBSTift^-r^iiKict 

— ^A<BSJgf4l . 5g/cm3t'M, 
il/*P-WB7>^-^At«*1 2fc(* % 20CDSEfcl 
<D$£gff2CD*F(f]CD2. 0 8 g/cm3t U^5fil^ffiffl-r 
& e S i 02tt&fSa<Z>&ffffi&l** S i 02^140. 5 
6 5 A/H z. M^ter^ — OAT*l4. O. 83A 
/Hz. ^^r-y-^^P^r-f^r^ — OlxVitO. 6 
0A/Hzt^§ o 

[00 6 3] JEJ6<D*4S«?»<Z)»l8*fcr4»»3&<iaS 

*BH^»5«s«>Kit<Df$«[4* a&a<-t7!><&ico*i 
a*A<-h#-r-B(co+ir. i&5i£;h,£j£j£;!&i<7) 

-Tfccfct/H FJEJCttOiSEttttS*: Lti7i-va 

£ L & I * C <t A < ^ $ ft T L * £ 0 

[0 0 6 4] B7 0>BB«Eft»l=^-rQCM«i!l»a)a* 
*A^6. S®lcffi5g-r^SfSfel^ : 7^^XCDTBS*i^7 
A/^itlt^-r^C^^^^^o S i 02tlQCM 
18. 3°CX* 6 #m*t-lt *\ 0 0°CT* 2 0 ftffl^O) 

ft 1 H z*jS£*:l43 H z^jgTfc&o Cft(4„ S®± 
[Op 6 5] »ffi<D.aiilctt*$*i«ta>Tfl4<i:i^ 



T^4. 

[006 1] *B«STA/tfA,*ttfflL-C. fitfli* JS 
j£H, *5Jctf[**aFftfcS i O2H <DJ5$£#tf)& 0 B 

fc^o taafinft^Mvnivicn-r «m i i i e r t b 

n"1(Z t a n[7T(f q -f c )/f q ])} 

-^b^^«(D^^<SJ£^(7)^*fcl4^(7)^ICtT 

£f& 0 ioa>KM(4. s®icj:ot s aBicfeitss 
<7>aai4»2 6^&;u/ i -c&y. ;:ftic»u Jtaf»£ft 

SI4*M 0~10^;u/ i -efe^ e »««-(?f4*ffiJ:y * 

*po)ssftsa«'r*^6-efc«o hf 

2"(4, S i 02lC^LTH F<D»5«(DKJ6te£:frr 

*n»*»«T-ei4. rv^— TtHF*$t;ajiia 

lwHF2-**a*tl*. H F<tNH3^#t7S$gPlZfc 
1*£H F2~*5J:tf H F<D«StWSlCttl43bA^Tt^& 

[0 0 6 6] SttfflttaCDttffllCjz-Bx^^^ycDtljai 

^AMoiJgot, -Mft^-f*lc»-r4HF<Z) 
SlilCT^-T^H F**XO)S(rtt*35^e>R»I(Z)l![aF 

<D£jsM*a*<»i»£ft4 <t #a)ii»ft^r-f *<osjtigfi 

£??I^Lfc[Klcf#s>ft/i: 0 »ja*fcl4^X-7 + -e(DJE 
JClcJ:-DT«ja**ifc!tflt«lf4. -f^-^ffiSlCctorjg 

»*fci4»*-r*t. jEjttt*fH»"r«±T?a>K*fiistt 
oiwsa^-rc&tf-c**. xtaasffifflursBco 
sjttt*«»-r**ar4. HFdrj^^-zasii* 

[0067] 9m±\z^gtm<Dm»m>matii%it 

Mt * ffiaaus" y " t om-BiViz j: o rskse s *x « . 
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^0)li*l»*+*fc»l=»S*Jn»-r-6iB*3&«*-B. 

[0 0 6 8] m&±lZ&l&)&?t.<Dmtfft&i'&t, S i 

02Jii=»-r*HFa>HiS(D«H»3itrti±-r« 0 hfi4* 

tttffc&j&iv, si 1 14. ^mom^trnz^mm^m 
omztfm-fiz-Dtix. HFtsi o2<D%.fc0mmtf 

^■4>*HF3&<St1»^4aai*-BD|=ifi-^# % J5t£t4* 

14. »<btt«ffi<DJEJStt,fcyi % H FjWEKSWWI** 
ffitfc-r^swa>^^(c e fcor^^<$fjffii$*t^ 0 Si 2 

I*. 2 5 l lCt?^ttft-5r-f**ffij3J:tfJKl61*a>«^^-lb 
T>^E— ^A«»aS*ffll%fc % TEOSfe.fctfMHbft 
a>x^^>ySit«Lfct<D-ca5*. JSB#fcTei*lHfflMt 
ft J: y * T E O S Kfcft(D*3&<* < J£JSt-& C £ ft<H 6 

B*(0Sl6ttlcj:oT«HB**t4A^6T?fc-Bo S70A 

[O0 6 9] J5JSft<ott«A<s«;affi*«iB-r*a>fC!& 
»-c#«. sawftiMsif. «**fiEA<«<fty. ae 

[0070] fc£iM4. x»fl:W**ffi<fcy±j::&* 
#£:HFI4. ^iB*]Kigi:zi^^iJX7f> 

>^-7A<**Tfft* 0 MfcftSffiCDJilCfeS^XiDH 
FfcNH3©tt*SJEA-5Cfc|ZJ:y. JifcftfcHFCD* 
B<D«*J&*&* It? *;Mb7>^ — OA (HF : N H3 = 

[007 1] Hid* LfeM(D7 *V h Sfk/JxB 

ic«ix.*fc«>a)»dff*LL^afi % £/£ftJffttf»£& 
[0072] sftStoJiotttt 

i~Ut>*>. S i 02+4H F = S i F4+2H20"efe 
*• L^L. S i F4I4. »aicttB*4x*<D-CI4ft 

(NH4) 2S i F6*4*r.*. , 



B<0#tt$*-fo /^-Tfcctl/H F35<aMBLfctt, 
*JEJS0>a«l«P«»3&«Bl»LT. SffilSft3b<1 0 1 HzSt 

7 1 H F a>fl[ £ Sfc^F A <D n <Z> 5 % 8 4 A CO £l£ I z 3 f 
1702 OOO&^^iacDg/jNfeaiSli, 8700 
AOfcjJtBBlctBS-r*. 1 0 0^I=*D»^4£. #fiJB 

»»*<i o 3 h z*i^-r^ 0 C*U4 % ssAo-mfr 
<<m<Dt&2nztem't&o 

[0 0 7 3] KJ£4lifcft<D#iP 3 :><D?»|ft5t 
^^^7 h;USS8(C*-T 0 S147, 8 5. 3 3. 4 
8. 8 6, 4 9. &cfcl/8 7lCfelf*e— ^flDWBtMF 

fic^zt^Lt^y, c*i&a>i»i4«-efc-6s i 

F4^t>^;l|*tl^>o 1185, 8 6. 8 714. Sl2 
8. 2 9. 3 0<7>*>'J =J>Btt5E**^fcS i F3^& 

±1:, sa 4 7. 4 8. 4 9 (is i f + **&£c aa 

3 3 lis i F2 ++ -efc£ 0 c*t&<DJ»K»^^^ h;u 

(4. ^^rtf-^^^-n^-rKTV^E-OACDSlt^M^ 
tt»»-r*fc$lCS i F4A<»tt**t-BCfciS^LT 
I**. *S/£C0S i O2H ^£HJ$£LT. ^^iC'v*-* 

(4. *ttifa)J8«i*j-c<oft»ic<fcyi»4'r*c:i:t l -c* 
*. 

[0074] *«no>*n«:ttttti 

fc4a<z>f6ffl«-er* % ftn (1 o-3h;u#t^Li 0-10 

/ <fz» y It z> H tz T * >/ <ft T? X y =5- u f ^ 5 

qr«icr*<D*ft&r. *«>«jfli*a«-rft. kkmo) 

E«A<*lRltt1?a5*fc«). TlsV-hv htfJft/hBlclfl]*. 
6tL. fc^)UM40x— y\±<7)^5TX^^ hit(DS3gA<a: 

B«*a(+3S:l^-C. H3lc*-Tv-v^^ 5 9. *fcf4 
-V ^ * 05ft y i: «: * z A: * * # £ JEW ft * -f S > 

[0 0 7 5]Mi:BtS»« 



(13) 



2 4 1 5 3 



[0076] R&fa<Dm&E.tf&mtmzmtmir&<» 

5) . fA/ft»aa>iinj»4,Rrffi-(?fey. aa^— k<d*d 
ft. astt— rammm* we-A- 1— 

[0077] t 5 1 0<7>S* L I^jHe^E— ;£Jg(D 
(4. gi§CD;&Jgfiia< 5 0 o C#l^l, 1 5 0°CCE>&H-efc£ 

¥«Ea*y*i*aE*T?. «i»s*ifc«c!>7>^-7fc 

aMb^r-f**»*r*ii*(D5 0°C#^L 1 0 0 

^<ty*^a»=-r*i*MB*]S:ct3b<**. 

#-3 5°C&UL-4 St;* y a^*yfc7> 

^— oa • iz)vfrib><r>mn.ft<Dft^\*^ ^i-/^ s n 

*Lfcffl5#l::B»-r*. MMEE.it 1 0-8h;Ucfcy(SL^CD 
T?. *c BSflHRkliKi*. If 
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